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© Imaging system with means for compensating vignetting and X-ray examination apparatus 
comprising such an imaging system. 
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© Loss of brightness at the edges of an image is 
generally known as vignetting. Non-matching of 
stops in an optical system or, in particular in x-ray 
examination apparatus, variations in intensity of the 
x-ray beam and the combination of the image inten- 
sifier and the television camera tube give rise to 
vignetting. Compensating for vignetting is achieved 
by electronically multiplying the pixel-values of the 
vignetted image by a gain characteristic so as to 
obtain an unperturbed image. A gain characteristic 
pertaining to a particular vignetting effect is formed 
by a set of correction factors for all pixels. These 
correction factors are obtained from the image of an 
object having a spatially homogeneous brightness 
distribution. Various gain characteristics can be 
stored so that compensation for vignetting is sus- 
tained when the adjustments of the imaging system 
are varied. 



In order to improve spatial resolution of the 
image formed on the output screen of an image 
intensifier in an x-ray examination apparatus a known 
method splits the image into two sub-images. Either 
of these images is subsequently detected by an 
opto-electronic sensor, e.g. a CCD-sensor. These 
sensors are mutually shifted such that the pixels of 
one sensor fall at the interstices of the other sensor. 
Upon recombination of both sub-images an image 
with improved spatial resolution results. Because of 
the use of a beam splitter the vignetting effects in 
either of the sub-images are inevitably different. The 
vignetting is decomposed in vignetting in a horizon- 
tal and in a vertical direction in the recombined 
image. Correction for vignetting is achieved by mul- 
tiplying decomposition factors pertaining to horizon- 
tal and to vertical vignetting. 
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Imaging system with means for compensating 
vignetting and x-ray examination apparatus com- 
prising such an imaging system. 

The invention pertains to an imaging system 
comprising means for compensating vignetting in 
an image supplied by an image generation means. 
The invention also relates to an x-ray examination 
apparatus comprising such imaging system. 

An x-ray examination apparatus comprising an 
imaging system of said kind has been described in 
the European Patent Application EP 0 333 276. 

Loss of brightness towards a periphery of an 
image (vignetting) is particularly likely to occur in a 
lens system containing beam-stops or tandem-sets 
of lenses. In medical x-ray radiography various 
further origins of vignetting are known, e.g. vari- 
ations in intensity in an x-ray beam emitted by an 
x-ray source, the geometry of the x-ray detection 
screen, e.g. an input screen of an x-ray image 
intensifier or the substantially cylindrical shape of a 
patient to be examined. Vignetting is an image 
perturbation causing disturbing artifacts or which in 
medical x-ray images impairs diagnostic quality of 
an x-ray image. In the x-ray examination apparatus 
as described in the cited European Patent Applica- 
tion, vignetting is avoided by employing a scatter 
radiation grid having a transmittivity which in- 
creases towards the periphery of the x-ray image. 
The transmittivity profile of said scattered -radiation 
grid is fixed, so that optimum suppression of vig- 
netting is achieved only for a particular set of 
conditions for generating an image. 

It is inter alia an object of the invention to 
provide an imaging system having means for ac- 
curate compensation of vignetting, which can also 
be sustained when the circumstances are varied 
under which images are generated. 

To achieve this, an imaging system in accor- 
dance with the invention is characterised in that the 
imaging system comprises pixel-value amplification 
means for amplifying pixel-values of the image in 
relation to a decrease of brightness due to an 
image perturbation. 

The present invention is particularly suitable for 
application in an imaging system that supplies an 
image that is built up from separate picture ele- 
ments (pixels). A video signal representing an im- 
age consists of signal amplitudes, e.g. voltages, for 
each of the pixels, each signal amplitude corre- 
sponding to the brightness of the relevant pixel in 
the image. Signal amplitudes constituting a video 
signal representing an image are to be referred to 
hereinafter as 'pixel-values'. Sometimes, an image 
perturbation appearing as a decrease of brightness 
towards a periphery of the image is termed vignet- 
ting. It is to be noted that in an imaging system in 
accordance with the invention, a correction is per- 
formed for a perturbation, in that from an object 
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having a spatially homogeneous brightness dis- 
tribution an image containing static brightness vari- 
ations is formed; hereinafter the term vignetting is 
intended to comprise all such static brightness 

5 variations. 

When in an image the brightness varies to- 
wards the periphery of the image, the pixel-values 
thus also vary towards the periphery of the image; 
this variation of the pixel values is to be distin- 

10 guished from variations that correspond to bright- 
ness variations constituting picture information in 
an unperturbed image. The vignetted image is to 
be considered to consist of pixel-values that are 
each a product of the pixel-value pertaining to the 

75 unperturbed image and an attenuation factor. This 
insight provides a basis for compensating an image 
for vignetting in an imaging system in accordance 
with the invention. 

An imaging system according to the invention 

20 has as a specific advantage that accurate com- 
pensation can be achieved for a wide variety of 
imaging circumstances, each of which giving rise 
to a particular vignetting effect. The value of each 
pixel for the unperturbed image is obtained by 

25 amplifying the corresponding pixel value in the 
vignetted image by a correction factor that equals a 
reciprocal of the value of the attenuation coefficient 
for the pixel at issue. The set of attenuation coeffi- 
cients corresponding to each of the pixels in the 

30 image is obtained by making an image of an object 
that has a spatially homogeneous brightness dis- 
tribution. For each of the pixels, the attenuation 
coefficient is obtained as a ratio of the pixel-value 
at issue and a maximum pixel-value that is present 

35 in the picture. Subsequently, the amplification fac- 
tors for compensating vignetting are obtained as 
the reciprocal values of the corresponding attenu- 
ation coefficients. 

A preferred embodiment of an imaging system 

40 in accordance with the invention is characterised in 
that said amplification means are arranged as mul- 
tiplication means for computing corrected pixel- 
values by multiplying pixel-values by electronically 
provided correction factors. 

45 When amplification of pixel-values of a per- 

turbed image is performed by multiplying pixel- 
values of a perturbed image by correction factors 
that are provided electronically, an advantage is 
achieved in that compensation of vignetting is per- 

50 formed accurately for a variety of imaging cir- 
cumstances; viz. providing correction factors elec- 
tronically yields flexibility for adapting values of 
relevant correction factors. 

A further preferred embodiment of an imaging 

55 system in accordance with the invention is charac- 
terised in that the imaging system comprises elec- 
tronical memory means for storing correction fac- 
tors. 

3 



3 EPO 

A practical way of providing means for elec- 
tronically providing correction factors consists of 
providing electronic memory means for storing cor- 
rection factors. Compensation for vignetting is per- 
formed by multiplying pixel-values of the perturbed 
image by correction factors supplied from said 
electronic memory means. 

A further preferred embodiment of an imaging 
system in accordance with the invention, wherein 
said multiplication means is arranged as analog 
multiplication means, said memory means is ar- 
ranged for digitally storing correction factors and 
the imaging system comprises a digital-to-analog 
converter arranged for converting digital correction 
factors into analog correction factors, is charac- 
terised in that the imaging system comprises a 
low-pass filter for smoothing step-like variations 
between analog correction factors pertaining to 
successive pixels in the image- 
Practical electronic memory means are ar- 
ranged for digitally storing numbers, such as cor- 
rection factors for compensating vignetting. When 
analog electronic multiplication of pixel-values by 
correction factors is performed, correction factors 
stored in digital form should be converted into 
analog form and to avoid step-like perturbations in 
the image that is compensated for vignetting, a 
low-pass filter is used to smoothen step-like vari- 
ations between correction factors in analog form 
pertaining to successive pixels. 

A further preferred embodiment of an imaging 
system in accordance with the invention, wherein 
said multiplication means is arranged as digital 
multiplication means, said memory means is ar- 
ranged for digitally storing correction factors and 
the imaging system comprises a digital-to-analog 
converter arranged for converting digital corrected 
pixel-values into analog corrected pixel-values is 
characterised in that the imaging system comprises 
a low-pass filter arranged for smoothing step-like 
variations between analog corrected pixel-values 
pertaining to successive pixels of the image. 

When digital multiplication of digital forms of 
pixel-values with digital forms of correction factors 
is performed, then pixel-values for a corrected im- 
age result having digital form. In order to avoid 
step-like perturbations in the corrected image to be 
displayed by employing pixel-values pertaining to a 
corrected image, converted into analog form, a low- 
pass filter is used to smoothen step-like variations 
between correction factors in analog form pertain- 
ing to successive pixels. 

A further preferred embodiment of an imaging 
system in accordance with the invention is charac- 
terised in that said memory means is arranged for 
storing correction factors for groups of pixels of the 
image. 
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Often, a vignetting phenomenon consists of 
deviations from uniform brightness which vary only 
over areas in the image containing several pixels. 
As a consequence, the correction factors needed 

5 for compensating vignetting are substantially the 
same for groups of neighbouring pixels. In a pre- 
ferred embodiment of a device according to the 
invention correction factors are stored in the mem- 
ory means only for groups of pixels rather than for 

w each individual pixel. This preferred embodiment 
has an advantage of storing correction factors effi- 
ciently. 

A further preferred embodiment of an imaging 
system in accordance with the invention is charac- 

75 terised in that said groups are constituted by pixels 
having a fixed distance from a centre of the image. 

Vignetting phenomena have often the property 
that the associated attenuation coefficients depend 
on a position of a pixel in the image as a function 

20 only of a radial distance between the relevant pixel 
and a centre of the image. That is, the vignetting 
pertains to a rotationally symmetric brightness gra- 
dient in the perturbed image. Then, the corre- 
sponding correction factors depend on a position of 

25 a pixel in the image only as a function of the radial 
distance in the image. 

A further preferred embodiment of an imaging 
system in accordance with the invention is charac- 
terised in that said memory means is arranged for 

30 storing first correction factors for pixels on a pre- 
determined line in the image and for storing sec- 
ond correction factors for lines in the image parallel 
to said predetermined line and in that said mul- 
tiplication means is arranged for multiplying pixel- 

35 values by first correction factors and by second 
correction factors. 

Vignetting phenomena have often the property 
that the associated attenuation coefficients vary 
along lines in the image and that said variation is 

40 substantially the same along each parallel line in 
the image. Then compensation for vignetting is 
achieved by multiplying pixel-values pertaining to a 
perturbed image by a first correction factor and by 
a second correction factor. Said first correction 

45 factor acts as to compensate for vignetting along a 
central line in the x-ray image on which a pixel at 
issue lies; said second correction factor acts as to 
compensate for differences in the vignetting along 
lines parallel to the central line from vignetting 

50 along said central line. 

A further preferred embodiment of an imaging 
system in accordance with the invention is charac- 
terised in that said memory means is arranged for 
storing a plurality of sets of correction factors, each 

55 of said sets pertaining to a parameter setting of the 
imaging system, and in that the imaging system 
comprises signal production means for producing 
discrimination signals, each of said discrimination 

4 
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signals pertaining to a parameter setting for select- 
ing a set of correction factors. 

Vignetting phenomena may depend on various 
adjustments of the imaging system, e.g. the setting 
of apertures. Therefore, so as to sustain correction 
for vignetting, a different set of correction factors 
may have to be chosen upon variation the adjust- 
ments of the imaging system. Therefore, a plurality 
of sets of correction factors should be available. 
This is achieved in an imaging system according to 
the invention, by storing in said memory means a 
plurality of sets of correction factors, each of said 
sets pertaining to a parameter setting of the imag- 
ing system, and in that said device comprises 
signal production means for producing signals, 
each of said signals pertaining to a parameter 
setting for selecting a set of correction factors. 

A further preferred embodiment of an imaging 
system in accordance with the invention is charac- 
terised in that said memory means is arranged for 
storing numerical elements and further comprises 
conversion means for converting positions of pixels 
in the image into distances between relevant pixels 
and one point in the image, and calculation means 
for computing correction factors as a value of pre- 
determined mathematical functions in said dis- 
tances, said predetermined mathematical functions 
being further determined by numerical element be- 
ing stored in said memory means. 

When the correction factors for compensating 
vignetting are a function of the radial distance, such 
a function can often be fairly well approximated by 
a mathematical function of the radial distance, said 
mathematical function having further parametric de- 
pendencies. In particular, correction factors that are 
a function of the radial distance can be calculated 
to good approximation by functions representing 
e.g. a Gaussian or a Lorentzian profile, where the 
height and width of such profiles can be varied by 
varying the values of corresponding parameters on 
which said functions depend. Therefore relatively 
few numbers, viz. values of relevant parameters 
representing said profiles, have to be stored. 

A further preferred embodiment of an imaging 
system in accordance with the invention is charac- 
terised in that said predetermined mathematical 
functions are polynomial functions and said numeri- 
cal elements are polynomial coefficients. 

When the correction factors for compensating 
vignetting are a function of the radial distance, such 
a function can often be fairly well approximated by 
a polynomial function in the radial distance. There- 
fore relatively few numbers, viz. polynomial coeffi- 
cients, have to be stored in a device according to 
the present embodiment. 

A further preferred embodiment of an imaging 
system in accordance with the invention is charac- 
terised in that said memory means is arranged for 
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storing a plurality of sets of numerical elements, 
each of said sets pertaining to a parameter setting 
of the imaging system and/or of the image genera- 
tion means, the imaging system comprising signal 

5 production means for producing discrimination sig- 
nals, each of said discrimination signals pertaining 
to a parameter setting for selecting a set of numeri- 
cal elements. 

Compensation of various rotationally symmetric 

10 vignetting effects, each of them associated with a 
respective adjustment of the imaging system can 
be achieved according to the present preferred 
embodiment by providing various sets of values for 
parameters determining a function for calculating a 

75 correction factor, each set being in correspondence 
with a particular parameter setting of the image 
system or of the image rendering system. 

A further preferred embodiment of an imaging 
system in accordance with the invention also com- 

20 prising beam splitting means for splitting an image 
carrying radiation beam into a plurality of sub- 
image carrying radiation beams, and comprising a 
multitude of image sensors for recording each of 
the sub-images, and comprising recombination 

25 means for recombining sub-images into a recom- 
bined image, is characterised in that the imaging 
system comprises memory means for storing a 
plurality sets of correction factors and in that said 
amplification means are arranged as multiplication 

30 means for computing corrected pixel-values by 
multiplying pixel-values by correction factors se- 
lected from said sets of correction factors. 

An imaging system comprising a beam splitter 
for splitting an image into two sub-images, two 

35 opto-electronic sensors for detecting the sub-im- 
ages and means for recombination of the two sub- 
images into a recombined image with improved 
spatial resolution is known per se from the German 
Offenlegungsschrift DE 33 15 882. That disclo- 

40 sure pertains to an imaging system particularly 
devised for medical x-ray examinations. 

For improving spatial resolution, the use of a 
beam splitter and two opto-electronic sensors has 
been proposed in the cited reference. In an x-ray 

45 examination apparatus as described in the German 
Offenlegungsschrift DE 33 15 882, an image is 
generated by absorption modulation of x-radiation 
in the irradiated object, e.g. a patient. Subsequent- 
ly, a visible image is generated on the output 

so screen of an image intensifier. The image formed 
on the output screen of the image intensifier is 
detected by two opto-electronic sensors. More spe- 
cifically, by a beam splitter the light emitted from 
the output screen is split into two parts, viz. a 

55 transmitted part and a reflected part. The transmit- 
ted part is detected by a first opto-electronic sen- 
sor, the reflected part is detected by a second 
opto-electronic sensor. The opto-electronic sensors 

5 
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are arranged in such a way that the picture ele- 
ments (pixels) of a complete image on the output 
screen of the image intensifier, collected by the 
first sensor are located in interstices between the 
pixels collected by the second sensor. Hence, a 
complete image is divided into two sub-images that 
are mutually shifted over half a distance between 
two adjacent pixels in either of the sub-images. 
Subsequently, both sub-images are recombined, so 
that a full image results which has an improved 
spatial resolution. 

Vignetting constitutes a particular problem in 
imaging systems comprising two-optoelectronic 
sensors as described above. Because the reflected 
part of the light and the transmitted part of the light 
traverse different optical paths, the images formed 
from the transmitted light and from the reflected 
light, respectively, have different vignetting phe- 
nomena. 

In an imaging system in accordance with the 
invention, vignetting is compensated for by provid- 
ing correction factors for pixels of the recombined 
image. Because in each of the sub-images are 
subject to different vignetting phenomena, subsets 
of correction factors, each of the pertaining to a 
said sub-image are provided for adequately com- 
pensating for vignetting in the recombined image. 

A further preferred embodiment of an imaging 
system in accordance with the invention, also com- 
prising beam splitting means for splitting an image 
carrying radiation beam into a plurality of sub- 
image carrying radiation beams, and comprising a 
multitude of image sensors for recording each of 
the sub-images, and comprising recombination 
means for recombining sub-images into a recom- 
bined image, is characterised in that a said beam 
splitting means is constituted by a single beam- 
splitter for splitting an image into two sub-images, 
further characterised in that said memory means is 
arranged for storing a first set of correction factors 
for compensating vignetting in first direction in the 
recombined image and for storing a second set of 
correction factors for compensating vignetting in a 
second direction in the recombined image. 

A preferred way of increasing spatial resolution 
is to employ two sub-images wherefrom a recom- 
bined image is formed having improved spatial 
resolution. By splitting the image carrying radiation 
by means of a beam splitter into a first sub-image 
carrying radiation and a second sub-image carrying 
radiation and recording the first and second sub- 
image with two respective optoelectronic sensors 
being aligned such that the pixels of a first op- 
toelectronic sensor correspond to interstices of a 
second optoelectronic sensor. A recombined image 
is subsequently formed from the sub-images re- 
corded by the respective optoelectronic sensors. 
Because of the use of a beam splitter and because 
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of differences between sensitivities of the optoelec- 
tronic sensors a recombined image contains in 
intricate vignetting pattern. Such a vignetting pat- 
tern is compensated in an imaging system in ac- 

5 cordance with the invention by multiplying pixel 
values of the recombined image by correction fac- 
tor provided from a memory means, for compen- 
sating a decrease in brightness due to vignetting. 
An x-ray examination apparatus wherein vignet- 

w ting is compensated preferably comprises an imag- 
ing system in accordance with the invention. In 
medical x-ray radiography various further origins of 
vignetting in an x-ray image are known, e.g. vari- 
ations in intensity in an x-ray beam emitted by an 

15 x-ray source, the geometry of the x-ray detection 
screen, e.g. an input screen of an x-ray image 
intensifier or the substantially cylindrical shape of a 
patient to be examined. The vignetting of the x-ray 
image is transferred to a visible image when the x- 

20 ray image is transformed into a visible image, e.g. 
by an x-ray image intensifier. Such image perturba- 
tions are compensated by an imaging system in 
accordance with the invention. 

These and other aspects of the invention will 

25 become apparent from and elucidated with refer- 
ence to the embodiments described hereinafter 
and with reference to the accompanying drawings. 

Figure 1a shows a block diagram of an em- 
bodiment of an x-ray examination apparatus com- 

30 prising an imaging system in accordance with the 
invention. 

Figure 1b shows a block diagram of another 
embodiment of an x-ray examination apparatus 
comprising an imaging system in accordance with 
35 the invention. 

Figure 2a is a graphical representation of a 
decrease of brightness pertaining to a radially sym- 
metric vignetting phenomenon, as a function of the 
radial distance from the centre of the image. 
40 Figure 2b shows a gain characteristic for a 

radially symmetric vignetting phenomenon as 
shown in Figure 2a. 

Figure 2c shows the pixel-values as a function 
of the radial distance after compensating for the 
45 vignetting as shown in Figure 2a, by employing the 
gain characteristic of Figure 2b. 

Figure 2d shows a set of gain characteristics 
pertaining to various parameter settings. 

Figures 3a-c show comparisons of attenuation 
50 coefficients with two polynomial approximations. 

Figure 4a shows a block diagram of an em- 
bodiment of an x-ray examination apparatus com- 
prising an imaging system in accordance with the 
invention, comprising means for splitting an image 
55 into sub-images and subsequently recombining 
said sub-images. 

Figure 4b shows a block diagram of another 
embodiment of an x-ray examination apparatus 

6 
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comprising an imaging system in accordance with 
the invention, comprising means for splitting an 
image into sub-images and subsequently recom- 
bining said sub-images. 

Figure 1a shows a block diagram of an em- 
bodiment of an x-ray examination apparatus com- 
prising an imaging system 15 in accordance with 
the invention. An x-ray source 1 is provided for 
generating a beam of x-rays 2 which is directed to 
an object 3, e.g. a patient. The x-rays are attenu- 
ated by the object and the attenuated x-radiation 4 
is collected by an x-ray image intensifier 5 having 
an input screen 6 and an output screen 7. An x-ray 
image collected on said input screen is converted 
into a visible image on the output screen. By 
means of an optical arrangement 8 said visible 
image is imaged onto a video camera 9, whereby 
the visible image is converted into an electrical 
analog video signal. Illumination of the video cam- 
era is controlled by a diaphragm 10. Thus an 
image generation means is formed by the x-ray 
source 1 together with the x-ray image intensifier 5. 
The image which is produced is supplied to the 
video camera of the imaging system 15 by means 
of the optical arrangement 8. The analog video 
signal is converted into a digital video signal by 
means of an analog-to-digital converter 20 and the 
digital video signal is supplied to an buffer circuit 
21. Gain characteristics consisting of correction 
factors for compensating vignetting are digitally 
stored in a memory-means, notably a program- 
mable read-only memory (PROM) 32. A plurality of 
gain characteristics is provided, each gain char- 
acteristic pertaining to a set of imaging parameters, 
each such set being related to a particular vignet- 
ting pattern. In particular the opening of the dia- 
phragm 10 is of relevance for selecting an appro- 
priate gain characteristic. By means of a poten- 
tiometer 30 an analog diaphragm-signal is formed 
in correspondence with the opening of the dia- 
phragm. By means of a further analog-to-digital 
converter 31 , said analog diaphragm-signal is con- 
verted into a digital diaphragm-signal, which in turn 
is supplied to the PROM 32 for selecting a relevant 
gain characteristic. Selecting a relevant correction 
factor from the selected gain characteristic is per- 
formed by means of a counter 33. A multiplication 
means in the form of a digital multiplier 22 per- 
forms multiplication of a digital pixel-value supplied 
from the buffer circuit 21 and a corresponding 
digital correction factor supplied from the PROM 
32. The digital multiplier 22 outputs a digital cor- 
rected video signal which is subsequently supplied 
to a digital-to-analog converter 23 for transforming 
into an analog corrected video signal. Owing to 
digital-to-analog conversion the analog corrected 
video signal can comprise step-like perturbations 
with are removed by smoothing the analog cor- 
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rected video signal by means of a low-pass filter 
24. The smoothed analog corrected video signal, 
pertaining to an image compensated for vignetting, 
generated by the low-pass filter 24 is finally sup- 

5 plied to an output buffer circuit 25 for further pro- 
cessing of the image, or to a monitor 26 for viewing 
the image. Thus, amplifying pixel in relation to a 
decrease in brightness due to an image perturba- 
tion and thereby compensating vignetting is 

10 achieved in accordance with the invention in that 
pixels of a perturbed image are multiplied by cor- 
rection factors. Therefore, multiplication means, 
such as e.g. a digital multiplier 22 and means for 
compensating vignetting are constituted by said 

75 multiplication means together with the memory 
means 32, counter 33, analog-to-digital converter 
31 and potentiometer 30 for selecting a relevant 
correction factor, and low-pass filter 24 for avoiding 
step-like perturbations. Said potentiometer 30 and 

20 the analog-to-digital converter constitute a signal 
production means for producing a discriminator 
signal via said digital diaphram signal. 

Figure 1b shows a block diagram of another 
embodiment of an x-ray examination apparatus 

25 comprising an imaging system 15 in accordance 
with the invention. The analog video signal gen- 
erated by the video camera 9 is supplied to the 
buffer circuit 21. A correction factor is selected 
from the PROM 32 by way of a digital diaphragm 

30 signal provided by the analog-to digital converter 
31 and the counter 33. A digital-to analog converter 
27 transforms the selected digital correction factor 
into an analog correction factor. To avoid step-like 
perturbations, a sequence of analog correction fac- 

35 tors, corresponding to sequences of pixels, i.e. a 
gain characteristic is smoothed by means of a low- 
pass filter 28. The analog video signal and a 
smoothed gain characteristic as supplied by the 
low-pass filter, are multiplied in the sense that 

40 pixel-values of the analog video signal are multi- 
plied by analog correction factors of a smoothed 
gain characteristic, by a multiplication means in the 
form of an analog multiplier 29 which forms a 
corrected analog video signal pertaining to an im- 

45 age being compensated for vignetting. The cor- 
rected analog video signal is supplied to the output 
buffer circuit 25 for further processing of the image 
or to the monitor 26 for viewing the image. 

Figure 2a is a graphical representation of a 

50 decrease of brightness pertaining to a radially sym- 
metric vignetting phenomenon, as a function of the 
redial distance from the centre of the image. Figure 
2a shows a graph in which the intensity / in the 
image is plotted as a function of position x along a 

55 horizontal line in the image, as it is produced by 
the imaging system without compensation for vig- 
netting, of an object having a homogeneous bright- 
ness distribution. As appears form the figure, the 

7 
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intensity decreases gradually towards the edges of 
the image. In addition the graph contains much 
more rapid fluctuations of the intensity that are 
caused by various noise sources of the imaging 
system. 

Figure 2b shows a gain characteristic for a 
radially symmetric vignetting phenomenon as 
shown in Figure 2a. In Figure 2b a graph is pre- 
sented for a gain characteristic pertaining to the 
vignetting effect shown in Figure 1a. Specifically, 
the values for the relevant correction factors C x are 
plotted as a function of position x along a horizon- 
tal line in the image. 

Figure 2c shows a graph the intensity / in the 
image as a function of the position x along a 
horizontal line for the image derived from the im- 
age of which a line is shown in Figure 1a after 
compensation for vignetting on the basis of the 
correction factors presented in Figure 1b, employ- 
ing the method of the invention. It is clear that the 
vignetting effects have been accurately compen- 
sated for and that only the fluctuations pertaining to 
noise have remained. 

In Figure 3d an example is presented for a 
plurality of gain characteristics (A-C), each of which 
relates to a different vignetting phenomenon. 

Figures 3a-c show comparisons of attenuation 
coefficients with two polynomial approximations. 
The use of polynomial approximations for attenu- 
ation factors is further illustrated in Figures 3a-c. 
The graph of Figure 3a represents an attenuation 
factor a x as a function of the position x along a 
horizontal line in the image. The attenuation factor 
can be approximated by a second order polynomial 
in a distance of the relevant pixel to the centre of 
the image. The polynomial coefficients are deter- 
mined by employing a best-fitting procedure. For 
further comparison, in Figure 3b a residual error is 
presented as a function of the position along a 
horizontal line in the image; i.e. for each position 
along a horizontal line the difference between the 
attenuation factor and the value of its approxima- 
tion by a best-fitting second-order polynomial is 
plotted. 

Figure 3b shows that the residual error in the 
approximation of the attenuation factor as a func- 
tion of position along a horizontal line in the image 
by a best-fitting second-order polynomial still con- 
tains a slowly varying component. This implies that 
the vignetting effects will not be fully compensated 
when the second order polynomial approximation is 
used for the attenuation factors. 

The use of polynomial approximations for at- 
tenuation factors is still further illustrated in Figure 
3c in that it is demonstrated that employing higher 
order polynomial approximations are more accu- 
rate. For further comparison, in Figure 2c a residual 
error is presented as a function of the position 
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along a horizontal line in the picture; i.e. for each 
position along a horizontal line the difference of the 
attenuation factor and the value of its approxima- 
tion by the best fitting fourth order polynomial is 

5 plotted. Figure 3c shows that the residual error in 
the approximation of the attenuation factor a s 
function of position along a horizontal line in the 
image by a best-fitting fourth-order polynomial ap- 
proximation is slightly smaller in magnitude as 

w compared to the residual errors presented in Fig- 
ure 3b for the case of a second-order polynomial 
approximation. More important is, however, that the 
fourth-order polynomial approximation leads to a 
residual error that does not contain an appreciable 

75 slowly varying component. Therefore, fully com- 
pensating vignetting effects is achieved when cor- 
rection factors are used that are obtained as the 
reciprocal of an approximation of attenuation coeffi- 
cient by a best fitting fourth order polynomial in the 

20 distance between the relevant pixel and the centre 
of the image. 

Figure 4a shows a block diagram of an em- 
bodiment of an x-ray examination apparatus com- 
prising an imaging system 15 in accordance with 

25 the invention, comprising means for splitting an 
image into sub-images and subsequently recom- 
bining said sub-images. The image carrying light 
beam 11 emanating from the output screen of the 
x-ray image intensifier is split into a transmitted 

30 sub-image carrying light beam 12a and a reflected 
sub-image carrying light beam 12b, respectively, 
by means of a beam-splitter 40. The beam-splitter 
can have the form of two adjacent prisms, con- 
stituting a partial reflector 42 at the interface be- 

35 tween the prisms, as are shown in Figure 4a, or a 
partially reflecting mirror can be employed as a 
beam-splitter. The sub-image carrying light beams 
are focused onto respective opto-electronic sensors 
41a and 41b, respectively. The opto-electronic sen- 

40 sors 41a,b are aligned such that pixels of the 
transmitted sub-image as recorded by the opto- 
electronic sensor 41a are located at interstices 
between pixels of the reflected sub-image as re- 
corded by the opto-electronic sensor 41b. By re- 

45 combining the reflected sub-image and the reflect- 
ed sub-image into a recombined image a total 
image having improved spatial resolution results. 
Recombination of the electronical signals gener- 
ated by the opto-electronic sensors, in correspon- 

50 dence to respective sub-images is performed by 
means of a recombination circuit 43, which pro- 
duces a video signal pertaining to the recombined 
image. E.g. a recombined image is built up such 
that even lines in the recombined picture originate 

55 from the transmitted sub-image and odd lines origi- 
nate from the reflected sub-image. Another way of 
forming a recombined image is to alternately select 
pixels from either sub-image. Light emanating from 

8 
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various points on the output screen 7 of the x-ray 
image intensifier 5 propagates to the partial reflec- 
tor 42 as conical diverging beams having cones of 
different opening angles. Notably, the opening an- 
gle differs of such cones emanating from respec- 
tive points on the output screen 7 offset from the 
optical axis 14 perpendicularly to the plane of the 
partial reflector 42 is different. Because Fresnel 
reflectivities and transmittances are not symmetric 
functions of the angle of incidence around 45° 
incidence and moreover because absorption that 
occurs at the partial reflector, is dependent on the 
angle of incidence, it is inevitable that vignetting in 
the reflected sub-image differs from vignetting in 
the transmitted sub-image. In particular, vignetting 
in a direction along the plane of the perpendicular 
to the partial reflector is different from vignetting 
along the plane of the partial reflector. Furthermore, 
differences in the sensitivities the opto-electronic 
sensors 41a and 41b add to further complexity of 
vignetting in the recombined image. Vignetting in 
the recombined image can be decomposed into 
brightness variations along two orthogonal direc- 
tions in the recombined image; e.g. vignetting in 
the recombined image can be decomposed into 
vignetting along a vertical direction and vignetting 
along a horizontal direction. 

In an embodiment of an x-ray examination ap- 
paratus as presented in Figure 4a, a complicated 
vignetting pattern in the recombined image is com- 
pensated for. In a memory means, notably a 
PROM 44, gain characteristics comprising correc- 
tion factors for compensating horizontal vignetting 
as well as gain characteristics comprising correc- 
tion factors for compensating vertical vignetting are 
stored. Moreover, a plurality of said gain char- 
acteristics is stored, each gain characteristic per- 
taining to an imaging parameter of the x-ray exami- 
nation apparatus, such as e.g. an opening of the 
diaphragm 8. The opening of the diaphragm 8 is 
determined by the potentiometer 30, which sup- 
plies an analog diaphragm signal in correspon- 
dence with the diaphragm opening to the analog- 
to-digital converter 31 which subsequently supplies 
a digital diaphragm signal adding as a discrimina- 
tion signal to the PROM 44, for selecting relevant 
gain characteristics. The counter 33 provides a 
signal to the PROM for selecting relevant correc- 
tion factors from the selected gain characteristics 
for compensating horizontal and vertical vignetting 
respectively. A first correction factor for compen- 
sating vertical vignetting is converted into analog 
format by a digital-to-analog converter 45; a sec- 
ond correction factor is converted into analog for- 
mat by a digital-to-analog converter 46. The correc- 
tion factors are multiplied by a further analog multi- 
plier 47, so as to compute a correction factor for 
compensating vignetting for a pixel in the recom- 
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bined image. By means of the analog multiplier 29 
a pixel value of the recombined image as gen- 
erated by the recombination circuit 43 is multiplied 
by the computed correction factor supplied by the 

5 analog multiplier 47, and step-like perturbations are 
avoided by smoothing sequences of correction fac- 
tors by passing sequences of computed correction 
factors, corresponding to sequences of pixels, 
through the low-pass filter 28. The video signal for 

10 the recombined image is supplied to the analog 
multiplier 29 where the video signal is multiplied by 
correction factors supplied by the low-pass filter 
28, so as to form a corrected analog video signal 
for the recombined image, which is supplied to the 

75 monitor 26 for viewing of the recombined image or 
to the output buffer circuit for further processing. 

Figure 4b shows a block diagram of another 
embodiment of an x-ray examination apparatus 
comprising an imaging system 15 in accordance 

20 with the invention, comprising means for splitting 
an image into sub-images and subsequently re- 
combining said sub-images. In the PROM 50, there 
are stored gain characteristics in that values of 
logarithms of correction factors are stored. By way 

25 of a diaphragm signal supplied by the analog-to- 
digital converter 31 together with the potentiometer 
30 and a selection signal supplied by the counter 
33, a value of a logarithm of a correction factor for 
compensating vertical vignetting is selected from 

30 the PROM and supplied to an addition means 51. 
Similarly, a value of a logarithm of a correction 
factor is selected and supplied to the addition 
means 51. After adding logarithms of said correc- 
tion factor, a correction factor for compensating 

35 vignetting in the recombined image is computed by 
an involution means 52. A gain characteristic com- 
puted by the involution means 52 is converted into 
analog form by a digital-tot-analog converter 53 
and is subsequently disposed of possible step-like 

40 perturbations by smoothing employing the low- 
pass filter 28. The video signal for the recombined 
image is supplied to the analog multiplier 29, 
where the video signal is multiplied by correction 
factors supplied by the low-pass filter 28, so as to 

45 form a corrected analog video signal for the recom- 
bined image, which is supplied to the monitor 26 
for viewing of the recombined image or to the 
output buffer circuit for further processing. 

50 Claims 

1. An imaging system comprising means for 
compensating vignetting in an image supplied 
by an image generation means, characterised 
55 in that said imaging system comprises pixel- 

value amplification means for amplifying pixel- 
values of the image in relation to a decrease in 
brightness due to an image perturbation. 

9 
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2. A* imaging system as claimed in Claim 1, 
father characterised in that said amplification 
means are arranged as multiplication means 
for computing corrected pixel-values by mul- 
tiplying pixel-values by electronically provided 
correction factors. 

3. An imaging system as claimed in Claim 2, 
further characterised in that the imaging sys- 
tem comprises electronical memory means for 
storing correction factors. 

4. An imaging system as claimed in any one of 
Claims 2 or 3, wherein said multiplication 
means is arranged as analog multiplication 
means, said memory means is arranged for 
digitally storing correction factors and the im- 
aging system comprises a digital-to-analog 
converter arranged for converting digital cor- 
rection factors into analog correction factors, 
further characterised in that the imaging sys- 
tem comprises a low-pass filter for smoothing 
step-like variations between analog correction 
factors pertaining to successive pixels in the 
image. 

5. An imaging system as claimed in any one of 
Claims 2 or 3, wherein said multiplication 
means is arranged as digital multiplication 
means, said memory means is arranged for 
digitally storing correction factors and the im- 
aging system comprises a digital-to-analog 
converter arranged for converting digital cor- 
rected pixel-values into analog corrected pixel- 
values, further characterised in that the imag- 
ing system comprises a low-pass filter ar- 
ranged for smoothing step-like variations be- 
tween analog corrected pixel-values pertaining 
to successive pixels of the image. 

6. An imaging system as claimed in any one of 
Claims 3 to 5, further characterised in that said 
memory means is arranged for storing correc- 
tion factors for groups of pixels of the image. 

7. An imaging system as claimed in Claim 6, 
further characterised in that said groups are 
constituted by pixels having a fixed distance 
from a centre of the image. 

8. An imaging system as claimed in any one of 
Claims 3 to 5, further characterised in that said 
memory means is arranged for storing first 
correction factors for pixels on a predeter- 
mined line in the image and for storing second 
correction factors for lines in the image parallel 
to said predetermined line and in that said 
multiplication means is arranged for multiplying 



pixel-values by first correction factors and by 
second correction factors. 

9. An imaging system as claimed in any one of 
5 Claims 3 to 8, further characterised in that said 

memory means is arranged for storing a plural- 
ity of sets of correction factors, each of said 
sets pertaining to a parameter setting of the 
imaging system and/or of the image generating 
10 means, and in that the imaging system com- 

prises signal production means for producing 
discrimination signals, each of said discrimina- 
tion signals pertaining to a parameter setting 
for selecting a set of correction factors. 

75 

10. An imaging system as claimed in any one of 
Claims 3-9, further characterised in that said 
memory means is arranged for storing numeri- 
cal elements and further comprises conversion 

20 means for converting positions of pixels in the 

image into distances between relevant pixels 
and one point in the image, and calculation 
means for computing correction factors as a 
value of predetermined mathematical functions 

25 in said distances, said predetermined math- 

ematical functions being further determined by 
numerical element being stored in said mem- 
ory means. 

30 11. An imaging system as claimed in Claim 10, 
further characterised in that said predeter- 
mined mathematical functions are polynomial 
functions and said numerical elements are 
polynomial coefficients. 

35 

12. An imaging system as claimed in any one of 
Claims 10 or 11, further characterised in that 
said memory means is arranged for storing a 
plurality of sets of numerical elements, each of 

40 said sets pertaining to a parameter setting of 

the imaging system, the imaging system com- 
prising signal production means for producing 
discrimination signals, each of said discrimina- 
tion signals pertaining to a parameter setting 

45 for selecting a set of numerical elements. 

13. An imaging system as claimed in Claim 1, also 
comprising beam splitting means for splitting 
an image carrying radiation beam into a plural- 

50 ity of sub-image carrying radiation beams, and 

comprising a multitude of image sensors for 
recording each of the sub-images, and com- 
prising recombination means for recombining 
sub-images into a recombined image, further 

55 characterised in that the imaging system com- 

prises memory means for storing a plurality 
sets of correction factors and in that said am- 
plification means are arranged as multiplication 
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means for computing corrected pixel-values by 
multiplying pixel-values by correction factors 
selected from said sets of correction factors. 

14. An imaging system as claimed in Claim 13, 5 
further characterised in that a said beam split- 
ting means is constituted by a single beam- 
splitter for splitting an image into two sub- 
images, further characterised in that said mem- 
ory means is arranged for storing a first set of 10 
correction factors for compensating vignetting 

in first direction in the recombined image and 
for storing a second set of correction factors 
for compensating vignetting in a second direc- 
tion in the recombined image. 75 

15. An x-ray examination apparatus comprising an 
imaging system in accordance with any one of 
the preceding Claims. 

20 
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© Imaging system with means for compensating vignetting and X-ray examination apparatus 
comprising such an imaging system. 



© Loss of brightness at the edges of an image is 
generally known as vignetting. Non-matching of 
stops in an optical system or, in particular in x-ray 
examination apparatus, variations in intensity of the 
x-ray beam and the combination of the image inten- 
sifier and the television camera tube give rise to 
vignetting. Compensating for vignetting is achieved 
by electronically multiplying the pixel-values of the 
vignetted image by a gain characteristic so as to 
obtain an unperturbed image. A gain characteristic 
pertaining to a particular vignetting effect is formed 
by a set of correction factors for all pixels. These 
CO correction factors are obtained from the image of an 
^ object having a spatially homogeneous brightness 
1^ distribution. Various gain characteristics can be 
lf> stored so that compensation for vignetting is sus- 
CO tained when the adjustments of the imaging system 
are varied. 

CD 

in 




iii 



In order to improve spatial resolution of the 
image formed on the output screen of an image 
intensifier in an x-ray examination apparatus a known 
method splits the image into two sub-images. Either 
of these images is subsequently detected by an 
opto-electronic sensor, e.g. a CCD-sensor. These 
sensors are mutually shifted such that the pixels of 
one sensor fall at the interstices of the other sensor. 
Upon recombination of both sub-images an image 
with improved spatial resolution results. Because of 
the use of a beam splitter the vignetting effects in 
either of the sub-images are inevitably different. The 
vignetting is decomposed in vignetting in a horizon- 
tal and in a vertical direction in the recombined 
image. Correction for vignetting is achieved by mul- 
tiplying decomposition factors pertaining to horizon- 
tal and to vertical vignetting. 
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